Introduction
In patients with leukaemia pulmonary infiltrates visible on chest roentgenograms are often difficult to evaluate. Infection, particularly by "opportunistic pathogens," is a common cause of pulmonary disease in leukaemic patients,'-3 and leukaemic infiltration of the lung parenchyma is often considered in making a diagnosis.' Pulmonary haemorrhage associated with thrombocytopenia, however, is not often diagnosed clinically and the possibility of uncontrolled bleeding makes invasive diagnostic procedures such as lung biopsy and bronchial brushing hazardous. We describe here five leukaemic patients with unexplained pulmonary infiltrates on their chest films in whom intrapulmonary haemorrhage was diagnosed.
Patients Case 1.-A 12-year-old black boy with acute myelogenous leukaemia presented with anaemia, bleeding of the gums, and profound thrombocytopenia. He was treated with a combination of cyclophosphamide, vincristine, cytarabine, and prednisone (COAP),6 then daunorubicin. A partial remission was achieved and he remained at home until he was readmitted for a nonproductive cough and fever. A chest roentgenogram showed a right basilar infiltrate. Haemoglobin was 5,5 g/dl and the platelets 5 x 101/1. A sputum culture grew normal oral flora. He was given red-cell and platelet transfusions and treated with a combination of cephalothin, gentamicin, and cleomycin. The chest film showed gradual clearing of the right lower lobe process over the next few days. On the seventh day in hospital, however, new infiltrates appeared in both upper lobes. Pulmonary lavage was performed. The lavage fluid was grossly bloody and no infectious agent was identified on direct smear or by culture. The pulmonary infiltrates subsequently cleared without further antibiotic treatment. One month later the patient died with diffuse bleeding and fulminant leukaemia.
Case 2.-A 54-year-old man with acute myelogenous leukaemia was initially treated with COAP and then with cytarabine, thioguanine, and daunorubicin. His remission was short-lived. He developed fever and petechial haemorrhages of the skin, and diffuse nodular infiltrates were seen on a chest film. The platelet count was 14 x 101/1. There was no haemoptysis. Pulmonary lavage was performed and a nonpathogenic fungus, thought to be a contaminant, was cultured from the blood-tinged lavage fluid.
Case 3.-A 50-year-old woman with acute myelogenous leukaemia achieved a remission with COAP therapy. The disease subsequently relapsed and was treated with thioguanine. During treatment the patient became febrile and was severely leucopenic and thrombocytopenic. Diffuse bilateral nodular infiltrates were seen on a chest roentgenogram and pulmonary lavage was performed. The lavage fluid was pink and sterile on culture. The patient subsequently died with uncontrolled leukaemia, bleeding, and staphylococcal septicaemia.
Case 4.-A 12-year-old Latin American boy with acute myelogenous leukaemia was treated initially with COAP, then daunorubicin, and later cytarabine and thioguanine. A remission was not achieved. Pulmonary lavage was performed to evaluate a persistent pulmonary infiltrate. At this time the patient had uncontrolled leukaemia with a peripheral white count of 176 x 10'/1. Bacillus cereus was cultured from the bloody lavage fluid, but this was thought to be a contaminant. The patient was maintained on antibiotics and treated with platelet transfusions because of bleeding into the skin and gums. The pulmonary infiltrates persisted for several weeks and then resolved.
Case 5.-A 66-year-old man with chronic lymphocytic leukaemia was under treatment with cyclophosphamide, prednisone, and vincristine. He had been admitted to hospital twice before for anaemia, fever, and pulmonary infiltrates. Extensive investigation, including fibreoptic bronchoscopy and bronchial brush biopsy, failed to show a cause for the pulmonary findings. The chest roentgenographic abnormalities resolved spontaneously, but he was readmitted six months later because of cough, fever, and bilateral lower lobe infiltrates. The haemoglobin was 8,3 g/dl, platelets 83 x 10'/1, and white cell count 99 x 109/1 with mostly lymphoid cells. He was treated empirically with antibiotics but respiratory distress increased. Bronchopulmonary lavage was performed with the catheter in the left lower lobe. The bloody lavage fluid was sterile on culture and no opportunistic organisms were found. Subsequently, his condition deteriorated rapidly and he died with increasing pulmonary insufficiency.
Necropsy showed diffuse intra-alveolar haemorrhage in both lungs ( fig. 1 ). There was no evidence of pulmonary vascular disease, significant heart disease, or pulmonary emboli. Special stains for fungi and Pneumocystis carinii were negative. 
Methods and Results
Bronchopulmonary lavage was performed as described.7 Aliquots of the lavage effluent were submitted for smears (Gram, acid-fast, and methenamine silver stains), wet mount, and viral, bacteriological, and fungal culture. Some of the fluid was processed for cytological and histological examination as described. 4 We established the diagnosis of intrapulmonary bleeding in five patients by bronchopulmonary lavage. In one patient the diagnosis was confirmed at necropsy. The presence of blood in the lavage fluid was not in itself diagnostic as bleeding might have been related to the trauma of the procedure, and pulmonary haemorrhage was diagnosed more on the large increases in the haemosiderin content of alveolar macrophages. The macrophage is a highly phagocytic cell which rapidly ingests erythrocytes present in the alveolar spaces. Haemoglobin is then converted to haemosiderin in the phagocyte.
In one patient (case 1) the haemosiderin score was not greatly raised, but the pulmonary macrophages were filled with haemoglobin and intact red cells, which suggested that bleeding was quite recent and that there was insufficient time for release of stainable iron from haem. In the two patients with Pneumocystis carinii pneumonia and severe thrombocytopenia the macrophage haemosiderin was not increased.
Extensive haemorrhage into the lung has not often been reported in patients with leukaemia. In a review of 246 patients with leukaemia or lymphoma 15 acute leukaemia, but some intrapulmonary bleeding was identified in half. They reported also that one-third of all fatal haemorrhages in leukaemia occurred in the lungs.13 Leach14 found that pulmonary haemorrhage was the direct cause of death in three out of 157 cases of acute leukaemia. Pulmonary infiltrates and associated symptoms were observed in over 30% of a large series of children with acute lymphocytic leukaemia. Despite aggressive attempts at diagnosis the cause of the pulmonary process was determined in less than a quarter of the cases.'5 We suggest that intrapulmonary bleeding may often cause radiographic abnormalities in patients with leukaemia. Bronchopulmonary lavage offers a safe approach to diagnosis in these cases, and alveolar macrophage staining for haemosiderin and haemoglobin may be useful in determining whether a recent bleed has occurred. When infection and haemorrhage are both present the lavage procedure may also allow identification of an infectious agent. The technique may provide evidence for pulmonic haemorrhage but may not delineate the cause. For example, pulmonary embolism occurring in leukaemic patients'6 might lead to similar findings at bronchopulmonary lavage.
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